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Uk Standard Model

The predictive power of the Standard Model depends
on well-measured input parameters
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Uk Motivation

® 7 can be used for the most precise determination of
Fermi constant

® 7 is needed for "reference” lifetime for precision
muon capture experiments

capture rate from “lifetime" difference of

- MuCap: u™ + p}
U and Ut

- MuSun: u” + d

The singlet capture rate A_ is used to

1.0 ppm MuLan determine g and compare with theory

~10 ppm MuCap

log(counts
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Determination of &6 from T,
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Uk Where to find muons?

my = 105.7MeV Muon beams worldwide (2007)

Cosmic rays:
* ~1 muon/(cm?min) at sea level W Proposed A UNST o @ Existing

construction
* <E> ~ 4 GeV at sea level

10000+
ESS Materials life

1 ppm = 1012 muon decays sciences
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Paul Scherrer Institut, Villigen, Schweiz
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nE3 Beamline at PSI

proton beam:
590 MeV |
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nE3 Beamline at PSI
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UK nE3 Beamline at PSI

Parallel beam Spatial focus
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The Kicker is used to create a pulsed beam
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Al plates 12 cm x 75 cm
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he Kicker is used to create a pulsed beam
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Stopping target

Stopping target

Beam pipe

Target diameter: ~20 cm
Target thickness: ~0.5 mm
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UK The target was opened once per day to monitor the beam

muons in EMC

muons in EMC
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MuLan Ball

scintillator 170 tiles




MuLan ball

one tile is a pair of scintillator 170 tiles
3-mm thick BC-404 scintillators diameter: ~80 cm

base length ~ 15 cm
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MuLan Ball
idth ~6ns PMT 2x170=340 detectors

150

“thQUide 170 tiles
diameter: ~80 cm

100

50

T R
20
time (ct)
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UK MuLan Ball
B ;‘pulse widfh ~6ns PMT 2x170=340 detectors

1500

lightquide

100\

s0F

0 5 10 15 20
time (ct)

Boston 450MHz WFD
4 channels/board ‘
Inner and outer tile as well as . ¢
opposite tiles on one board |
64 bit wide data bus to VME
total rate ~40 MB/s
~ 2x10" pulses recorded
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Data ACC 0 ' DA,
WED crate W —li_ backend }
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Data Analysis Flow

raw waveforms are fit with templates to find pulse
amplitudes and times

histogram times

. . Entries 1.101582e+12
Blind analysis e e o
¥ . = mdf 1232 1 1188

M B.945=+00+ 13828

M R GEB2Z 41,14

* Exact clock frequency kept secret : Le 1.0188407 & 184

* Muon lifetime is reported with the
value R with units of ppm defined as

Ty = Tsecret(l + R/106)
\‘ Only Gnalyzer‘ 0 1000 2000 3000 5000 G000 7000 8000 9000 10000

iime in fill (ct)

knows check consistency,

study systematic errors

02-April-2012 BNL V.Tishchenko 20



What can go wrong?

_—

Early-to-late changes, for
iInstance:

Instrumental issues
PMT gains
Discriminator threshold walk
Kicker voltage sag
Pileup

Physics issues
Spin polarization
Non-flat background sources

/ﬁrs)

>

_ Tme—

‘ threshold

|

counts

time
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Pileup

Leading order pileup to a ~5x10* effect

f(t) = Noe /™ 4+ Noe 2/ 4 Nae /™ 4. ..+ B

Normal Time

4~ Distributio

Pileup Time

& Distributio

10000 15000 20000
time [ns]
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UK Pileup

Leading order pileup to a ~5x10* effect

‘Statistically reconstruct
Fill i pileup time distribution
‘Fit corrected distribution

Fill i+1

}-————
O
B

Raw Spectrum

Pileup Time

& Distributio

Corrected

imm

60 70 80
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10000 15000 20000
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Uk Pileup to sub-ppm requires higher-order terms

12 ns deadtime, pileup has a 5 x 10-4 probability at our rates
Left uncorrected, lifetime wrong by 100's of ppm
Proof of procedure validated with detailed Monte Carlo simulation

lifetimeLast ADT=5.00, CW=5.00

1 ']1 0 — unc —  Uncorrected lifetime, t=2.20 \
o or, I'ected — Normal Pileup (PU], t=1.10
1 U —  Extended PU, r=1.10
1 UE —  False Coincidences [Accidentals), v=1.11
- Jitter (single before coin), =110 P' Ieup .rer'ms
1 []? —  Triple PU from normal PU, mean=0.72 > a'r differ-en'r
- - Triple PU from extended PU, mean=0.53
10° orders ...
- Triple Extended from normal PU, mean=0.68
1 05 n —  Agcidentals in shadow window (0.3 corr], mean=0.8
i —— Jitter in shadow window, mean=0.64
-1 04 ———  Triple extended PU from extended PU, mean=0.55 /
3
10
10°
10 |4 ]H il
1 11 PP WA 1 | nﬁ'l i Hmmw

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

D. M. Webber
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UK  The pileup corrections were tested with Monte-Carlo.
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UK  Lifetime vs. artificially imposed dead time diagnostics

A slope exists due to a pileup undercorrection

3 B
o |
Y -
m -
68.5 :—
68 :—
t"'i ny2
sl 2 1 ndf 16.62 / 11
; B R, 67.31+ 0.02
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-'— | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
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Artificial Deadtime (c.t.)

Extrapolation to O deadtime is correct answer

D. M. Webber
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UK HSR

The decay positron energy and angular distributions are not uniform,
resulting in position dependent measurement rates.

Highest Energy Positrons Lowest Energy Positrons

+—
g

—
3

. I I 1 I I I 1 I I
0 01 02 03 04 05 06 07 08 09 1
Positron Energy [x]

Ee = Emax
= 52.83 MeV

Positron energy distribution l

Normalized Decay Probability

Ee = 26.4 MeV

Ve
xX= ¢
Ee =13.2 MeV E ox
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UK Precession of the muon spin distorts lifetime histogram

eB

, H B \
g, =
’ X u—
w~ 135 MHZ/T ‘J
N(t) = Noe t/ 7w [1 + AP; cos(wt + ¢o)]
s 1E S
S R B=34 G £ G
210'1;_ %10-1;_
10'2;— 10-2%_
10'3;— 10'3%—
10“;— 10“;—
R T S S T R T S VR T 't'_1|a' ['u':elo o: B S B T R T R VRN T3 't'_1|a' ['u'zlo
This oscillation is easily detected This oscillation is not easily detected

and systematic errors may arise

02-April-2012 BNL V.Tishchenko

29



HSR signal in opposite detectors

counts arb.

—

counts arb.

counts arb.
Q- -
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The sum cancels uSR effects
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03 Difference/Sum

0.2
0.1
0
-0.1
-0.2 f

-0.3H

Bl b b b b b b Lo v Ly
0 2 4 6 8 10 12 14 16 18 20
time [us]

The difference accentuates
USR effects

V.Tishchenko 30




MulLan strategy - reduce polarization!

* Dephasing

* Polarization destroying targets
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Dephasing

Muons arrive randomly during 5us accumulation period

::—A) — cos(wTA)) csch? (%)

o
2(1 + w27'3)

130 Gauss
Il

4000 Gauss
Mwmmmmmmmmmmmm

3 4 5 6
accumulation time T, (us)
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UK Muon stopping targets

2006 2007
Arnokrome-3 (AK-3) target Crystalline quartz target
(~28% chromium, ~8% cobalt, ~64% iron) 90% muonium formation
0.4 T transverse field rotates muons with * 50% depolarization (Mu in singlet state)
18 ns period * Fast precession of Mu in triplet state
Muons precess by O to 350 revolutions 10% "free” muons

small ensemble avg. * Noticeable precession

polarization * Relaxation of longitudinal polarization

Quartz, 130 Gausg
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HSR magnet for Quartz target

Halbach array of permanent magnets to
produce ~130 G field in the target plane
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Two targets, two analysis strategies

AK-3 Quartz
(strongly suppressed pSR) (noticeable uSR)
Sum time histograms from all detectors Incorporate uSR effects into the fit

and fit for T function. Fit each detector individually.
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UK AK-3, Sum of all detectors, sum of all 30000 runs

lifetimel ast ADT=5.00, CW=5.00 lifetimelLast2_px
Entries 1.101682e+12
Mean 10449

flT fUnCTIOH ¥= I mdf
M 8.945e+09+ 13826
R 6,82 +1.14
B 1.015e+07 + 154

1000 2000 3000 4000 5000 6000 7000 SO000 9000 40000
time in fill [ct)

Entries 1.101582e+12
Mean 4694
2808

1232 I 1188

-0.001448 + 0.029001

residuals (sigma)
L]

1000 2000 3000 4000 5000 G000 TOOO BOOD 9000 40000
time in fill {ct)
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Uk

fit function f(t) — NO [1 + Aﬁ(t)f[)} 6—t/7'u -+ B
(most general form)

Quartz target, fit individual detectors

unit vector to detector

decay asymmetry

ensemble polarization
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Uk

fit function f(t) — NO [1 + Aﬁ(t)f[)} 6—t/7'u -+ B
(most general form)

Quartz target, fit individual detectors

decay asymmetry unit vector to detector

ensemble polarization

resolve P into two components relative to B-field

—

f(t) = No {1 + A(Py(t) + 7)2(75))72D} e /™ 4 B

transverse (precession+relaxation)

longitudinal (relaxation)
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Uk

fit function f(t) — NO [1 + Aﬁ(t)f[)} 6—t/7'u -+ B
(most general form)

Quartz target, fit individual detectors

decay asymmetry unit vector to detector

ensemble polarization

resolve P into two components relative to B-field

—

f(t) = No {1 + A(Py(t) + 7)2(75))72D} e /™ 4 B

transverse (precession+relaxation)

—t/T
Pl (t) — P16 /T P, ~0.0015, T;~28ps longitudinal (relaxation)

Pa(t) = Poe /12 cos(wt + ¢g) P, ~00025, T,~4us
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Uk

fit function f(t) — NO [1 + Aﬁ(t)f[)} 6—t/7'u -+ B
(most general form)

Quartz target, fit individual detectors

decay asymmetry unit vector to detector

ensemble polarization

resolve P into two components relative to B-field

—

f(t) = No |1+ A(Py(¢) + P(t))ip| e /" + B

transverse (precession+relaxation)

—t/T
Pl (t) — P16 /T P, ~0.0015, T;~28ps longitudinal (relaxation)

Pa(t) = Poe /12 cos(wt + ¢g) P, ~00025, T,~4us

practical realization fit for muon disappearance time, then fit for T

M
f(t) = Ny [1 + APye T2 cos(wt + qbo)] e t/7a + B > 170 values of Ty

T4 = Ty (1 - A;—“ﬁlfﬁD>
1
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Uk
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0.9

[a—
|IIII|IIII|IIII|IIII|IIII|IIII|
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0.002H-4F-
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UK A small complication: decay asymmetry

f(t) = No {1 + APye ™2 cos(wt + ¢0)] et/ 4 B

Energy-integrated A = 1/3

Positron Energy [x]

| A from MuLan data |

A 4 .
3% MuLan, from precession

0.42

04t Plugging in GEANT

0.38 + +| asymmetries instead of a

£ 036 T, common A=1/3

TR PRt e wf 14 } + S

_ ............ ............ é ...... ............ ...... ] 0.32? + ++ ¥-+ + Ilfe-hme by 01 ppm

M N )

~50 80 100 120 140 160" 180
O (deg.)

I
_+_

_IiIIIilIIilllilllilllilllilllil_
20 40 60 80 100 120 140 160

_I\Illll‘\l
0'280 20 40 6

e
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UK Consistency checks

0T VOO W T O VO W = e Consistency against MANY

+Simple, R=425.0+/-2.7 DS 101 o .
Right, R=424 5+/-2.5 DS 201 p I h d
L ERIGEE] special runs, where we varie
L+R, weighted average, R=424 8+/-1.8, DS 501

L+R, Simple, R=424.6+/-1.8, DS 501 Tar'ge'r, magneT, bG”

Quartz, 15 deg. magnet rotation
7l - e v : : : i — 15 Right-Down, R=411.8+-10.0, DS 1

— 1 8 smti— | 15 Left-Up, R=427.6+/-8.2, DS 2

L ‘g - : i - 15 Left-Down, R=428.4+/-8.3 D5 3
_ ......... ......... ......... 1 0 - ...... _ 15 Right-Up, R=431.7+/-9.5, DS 4

— i T — i —| weighted average, R=425 4+/-4.6, DS 0

- L A z=2250m

: : : : - - : : Left, R=431.0+/-4.7, D5 102
+Simple, R=421.0+/-4.7, DS 102
Right, R=421.8+/-4.8 DS 203
+Simple, R=413.4+/-4.7 DS 203
Up, 6.4 deq. tilt, R=424 4+/-5.1, DS 305
+Simple, R=421.2+/-5.0, DS 305
Down, 6.4 deg. tilt, R=433.0+/-5.7, DS 401
RN HN S e e N +Simple, R=433.8+/-5.6, DS 401
- i 1 A z=o25em

: - : : : Left, R=423.0+/-8.3, D3 103
+Simple, R=427.2+/-8.2, DS 103
Left, R=421.9+/-10.3, DS 104
+Simple, R=421.9+/-10.3, DS 104
Right, R=420.0+/-10.9, DS 204
+Simple, R=418.4+/-10.9, DS 204
Right, R=429 6+/-4 8, DS 205
+Simple, R=426.5+/-4 8 DS 205
Left, R=422.1+/-6.9, D5 105
+Simple, R=421.4+/-6.9, DS 105
Left, R=419.1+/-10.4, DS 106
+Simple, R=420.8+/-10.3, DS 106
Left, R=427.1+/-7.1, DS 107
+Simple, R=428.0+/-7.1, DS 107
Right, R=429.6+/-9.3 DS 206
+Simple, R=428.7+/-8.3, DS 206

— i . i i b i i A aKs

— I I I I 36 I I - I I —| Simple sum of all detectors, R=436.8+/-8.0,
100404 1041420424304344044450

R (ppm)
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UK Quartz target: fit the sum...

Quartz data fits well as a simple sum, exploiting the symmetry of the detector.

Lifetime histagram

x* I ndf= 2367 /2371 The deviation from the “fit each
=< 2 EEALLES 2N defector method” is 0.3ppm
B

: 4245+ 1.7
3.135e+06 £ 65

:: SeiE error distribution ___residuals _
o |||||||||||||||||EmrIBS 2374

Mean 0.0006323

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L1 1.1 11 1 1 11 1 1 11 I- 1 RMS 09955
1000 2000 3000 4000 5000  GODD 7000 BODOD 9000 10000 ) £ ndf 2767137
time {ct)

Constant 151238
Mean 0.0001562 £0.0207005

Sigma 0.9927 £0.0145

Fit residuals

4

2 B - 1 . g : | -t II il
|tk '.:'Illrl.i ]I'!Iljll'-l.ll' -“!EI"'“lllr'ill I{.'F|'i..

|||I|J.5f. |:|!||I | e | |i|| | EI'.

|

. ||!

..|!|!.|Il
!. K

i000 2000 3000 4000 5000 G000 7000 B000 G000 100
time (ct)

e8] TTTTTT]
e m
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UK
f(t) = Ny [1 + APye "2 cos(wt + (/50)} e t/7a 4+ B

T4 = Ty (1 — A;—”ﬁlf]g)

1

Summary of SR systematics

parameter 07, (ppm)
W 0.003
15 0.001
pY 0.004
beam z 2) 0.18
beam y 2 <0.001
beam z 2) <0.001
A3 0.05
total error 0.20

1) for +2° variation of the direction of vector 151
2) for +£2 mm variation of the position of the beam
3) change between GEANT4 or MulLan asymmetries
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Gain stability

Raw singles

__________ threshold:

20 40 Bﬂé 80 100 120 140 160 180 200
Fitted Pulse Amplitude

Mlan Apr 5 1838 1% 2010
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coincidences suppress background

Amplitudes :
> = Singles

== Coincidences

20 40 60: 80 100 120 140 160 180 200
Fitted Pulse Amplitude

MloanApr 5 18:43:26 2010
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Uk Correction for early-to-late gain variation

Amplitude Distribution

Correction

2.5¢

_ : 1) Gain vs. time variation is derived from the stability of the
2f : peak of the fit to pulse amplitude distribution
1 : 2) Extrapolate from MPV to threshold

i Consistency check
”‘ithresmldg Raise the threshold to amplify the effect

C M Nannlannlonnflonnllnnnllons
00 20 40 60 80 100 120 140 160 180

T T Gain is photomultiplier tube type dependent

g 0.1~ — photonis
> B ——electron
s | lectronics instabilit .
= 0 05__ /6 ecrronics instabpilli Y 1 bfth
>t P }
asl W . y 4
------------- - s |
L .
= ﬁﬂ*l*h
Gain correction is 0.5 ppm L * # i :
shift with 0.25 ppm I Sag in tube response i 4
uncertainty. O o L

0 1000 2000 3000 4000 5000 Bﬂl]l] 7000 8000 9000
time (ct)
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Timing stability
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Master clock

Uk

The clock was provided by an Agilent E4400B RF Signal Generator, which
was stable during the run and found to be accurate to 0.025 ppm.

Agilent E4400 RF Signal ’ fLPl\necked for consistency throughout the

Compared to Quartzlock A10-R rubidium
frequency standard.

Compared Yo calibrated frequency
counter

| - Different blinded frequencies in 2006
f = 450.57649126 MHZz and 2007

Generator

Comparison 10 MHz 60 MHz

Frequency counter 1 x107% 2 x 1078
Rubidium atomic clock 4 x 10™° 3 x 10™°

Average difference = 0.025 ppm

02-April-2012 BNL V.Tishchenko 50



UK  Nearby unseen pulses perturb the time of main pulses
software stability studied with simulations

Fixed reference

|[|r||||||r|r

perturbation

IIII!IIII[II'

: I..i.l;l.
10

time of perturbation pulse (ct)

_I I

Estimated pull:

(0.03 ct)x(0.25% pileup)
(1000ct/7,)

=(0.075 ppm

D. M. Webber
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Hardware stability studied with Laser pulses

Laser System Diagram

Umbilical cable-..—'

Return Cable
- 10m

Optical Fiber \
' Scintillator

Power Cahle ——

~ 10m

Neutral I:rTsityr Filters

Al Box
[ Laser

?

Reference Detector

Photo Diode

Laser: LN203C sealed nitrogen/dye laser made by Laser Photonics Inc.
Peak power 167kW, spectral output 337.1nm; pulse width: 600 ps (FWHM)
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Timing stability from laser data
| <dt> mean_gauss vs. time for sn 004, peakscombir::’d | TJ;J:;:,: ear‘l _To_la-l-e Tlmln ShITS

p1 3.057e-08 £ 5.68%e-08 01 ppml ||m|-|-ed by STGT|ST|CS

(clock)

]

_Flllil'l'lll'lllllI|I'I_TI'[TI'I

T_Ref - T_tile

-T.5895

T84

-T.8905

dt range = 0.00157 timing shifts due to nearby pulses
1 L [ 1 L.l I Ll 1l ] Lol bl L | L L Ll | 1 Ll | L_L L 1 l Ll Ll I L Ll L ] Ll
1000 2000 3000 4000 5000 6000 7000 8000 9000
Time(Clock)

time relative to laser reference PMT

1[}? :?..' .......... | p— | p—— } ......... | — I — I — } ......... | p—— | p— | p— } ......... | p—— | p— | p—— } ......... | p—— | p— | p— G | m— | m— I
] St S S — S — & L —
e At=9.8e-04 +-85e-04 | ... Gl pulses
1[:_4 %_ .............................................................................................................................................................................................................................
1[}3 E? .......................................................................................... Wl*hanear‘bypl_”se ..............
_____________________________________________ T SO | —
-4 2

time - PMTref, corrected (ct)

02-April-2012 V.Tishchenko 53



----
-
-
-—

Background stability

derage

28 Jun 07 18:07:12
[

any variation of the
plate high voltage
during the measurement

period leads fo a

deviation of a flat

accidental background.

Chz 10v Q

M d.0ps 2,565k
# Chz - -880mY

400psht

B/N versus kicker voltage

Z
53]

02-April-2012

0.00145
0.0014
0.00135
0.0013

0.00125

0.0012

0.00115
0.0011
0.00105

0.001

22500

%2 ! ndf

5831 /17

p0 0.002612+ 5.965e-05

p1 -6.262e-08+ 2 476e-09

23500 24000 24500 25000

BNL

slit

....... sheaky muons
---------- >

| litgtimeLastd_px

lifetimeLast ADT=5.00, CW=5.00 |
Entries 1.101582e+12

Maan

RMS

o | mdf

M

H

B

(1}
tirme in fill [et)

Systematic error stemming
from a potential voltage drift on
the kicker deflector plates

2006: 0.2 ppm
2007: 0.07 ppm

V.Tishchenko
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Uk

02-April-2012

Consistency checks: Fit start time scan

—
£
Q.
o
e
=
5
H

4
2}
0fa
2
-4
6
-8

8

6

4
2g
ofe
-2
-4

Ll [l
(=20 -0 -]

25 3 3.5 4 4.5 5
fit start time (us)
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C 006 00 0 C
Kicker extinction stability 0.20 0.07 Voltage measurements of plates
Residual polarization 0.10 0.20 Long relax; quartz spin cancelation
Upstream muon stops 0.10 Upper limit from measurements
Overall gain stability: 0.25 MPV vs time in fill; includes:
Short time; after a pulse MPVs in next fill & laser studies
Long time; during full fill Different by PMT type
Electronic ped fluctuation Bench-test supported
Unseen small pulses Uncorrected pileup effect 2 gain
Timing stability 0.12 Laser with external reference ctr.
Pileup correction 0.20 Extrapolation to zero ADT
Clock stabilit 0.03 Calibration and measurement
013 : .4 U.4 D orrelated 1o 000/200

T(R06) = 2 196 979.9 + 2.5 + 0.9 ps
T(RO7) =2 196 981.2 + 3.7 £ 0.9 ps

T(Combined) =2 196 980.3 £ 2.2 ps (1.0 ppm)

AT(RO7 — R06) = 1.3 ps

New GE

Gg(MuLan) = 1.166 378 8(7) x 10~ GeV-2 (0.6 ppm)

Ap 0

- PDG 2010

- MuLan 2011

e
1.166355 1.166360 1.166365 1.166370 1.166375 1.166380 1.166385

G, (GeV?)




Uk Comparison of lifetime measurements

Balandin - 1974
Giovanetti - 1984
Bardin - 1984
Chitwood - 2007
Barczyk - 2008

MulLan - ROG

MulLan - RO7

2.19695 2.19705 2.19710 2.19715
Lifetime (us)

02-April-2012 BNL V.Tishchenko

57



MyLan Col IabraTos

D M Webber'1 V. Tlshchenko2 Q Peng3 S Ba‘r‘ru2 R M. Carey D. B. Chn‘wood1 J. Cr'nkowc1 P s Debevec1
S. Dhamija?, W. Earle?, A. Gafarov?, K. Giovanetti*, T. P. Gorringe?, F. E. Gray®, Z. Hartwig®, D.W. Hertzog!

.. B. Johnson® P. Kammel', B. Kiburg!, S. Kizilgul!, J. Kunkle!, B. Lauss’, I. Logashenko?, K. R. Lynch?, R. McNabb!
g J.P. Mlller'3 = Mulhauser‘17 C J G Onder'wcx‘rer'18 J. Phllllps3 5! ch‘h2 B L Rober“rs3 P. Winter!, and B. Wolfe! 4

!Department of Physics, University of Illinois at Urbana -Champaign, Urbana, Illinois 61801, USA
2Department of Physics and Astronomy, University of Kentucky, Lexington, Kentucky 40506, USA
. 3Department of Physics, Boston University, Boston, Massachusetts 02215, USA
“Department of Physics, James Madison University, Harrisonburg, Virginia 22807, USA
°Department of Physics and Computational Science, Regis University, Denver, Colorado 80221, USA
®Department of Mathematics and Physics, Kentucky Wesleyan College, Owensboro, Kentucky 42301, USA
"Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland
tKVI, University of Groningen, NL-9747AA Groningen, The Netherlands




L)

L]

(1 9

Tha




	Slide 1
	Slide 2
	Slide 3
	Overview
	The Present Situation
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59

